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Abstract

Objective

Mast cells are potent immune effector cells that are known to contribute to the initiation
of atherosclerosis, and are implicated in the destabilization of atherosclerotic lesions
matrix degradation via the release of proteases. Furthermore, mast cells can influence T
cell skewing via the release of cytokines and cell-cell contact. To study the effects of mast
cells on progression of atherosclerosis we used an inducible mast cell knockout mouse,
the red mast cell basophil (RMB) mouse, that lacks the LDLr (RMB-LDLr"). In this novel
mouse model mast cells can be depleted after the development of atherosclerotic lesions,
which enables us to investigate its effects on atherosclerotic lesion progression.

Methods and Results

We induced atherosclerosis in RMB-LDLr” mice by western type diet feeding for 10 weeks.
After 10 weeks, a baseline group was sacrificed, while the other groups received either
DT to deplete all FceRIB* cells or PBS as a control. After successful depletion of the mast
cells, mice received diet feeding for an additional 6 weeks. No differences were observed
in atherosclerotic lesion size between the groups, but a significant increase in collagen
content and a reduction in macrophage content and necrotic core area was observed
in mast cell depleted mice compared to non-depleted mice. Furthermore, mast cell
depletion coincided with a marked reduction in serum IL-6 levels and an increase in IL-10
levels compared to mast cell competent mice. In addition, an increase in regulatory T cells
was observed in both the spleen and the heart lymph nodes of mast cell depleted mice.
Conclusions

Mast cell depletion in the progression phase of atherosclerosis improved the lesion
stability and reduced systemic inflammation. Besides the well-established role of mast
cells in the initial phases of lesion development, this study shows that mast cells also
actively contribute to the progression and destabilization of atherosclerosis plaques.
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Introduction

Atherosclerosis is a chronic lipid-driven inflammatory disease of the large- and medium
sized arteries that involves complex immunologic mechanisms such as accelerated
inflammation and reduced tolerance [1]. Next to its involvement in early atherogenesis,
the immune system actively contributes to the progression and destabilization of an
atherosclerotic plaque. Factors released by activated inflammatory leukocytes such as
neutrophils, lipid-laden macrophages, T cells and mast cells result in the loss of matrix
components such as collagen and apoptosis of smooth muscle cells, which accelerate the
process of plaque destabilization [2]. Frequently, the process of plaque destabilization
induces plaque rupture, which leads to acute atherothrombotic occlusion and clinical
manifestations such as myocardial infarction and stroke [3]. Activated immune cells,
among which mast cells, accumulate in the shoulder region of advanced atherosclerotic
lesions, which can trigger matrix degradation by the release of specific proteases [4].
Especially mediators such as tryptase, chymase and histamine that are stored inside the
granules of the mast cells are major contributors to plaque destabilization [5]. Circulating
tryptase and chymase levels are increased in serum of cardiovascular patients suffering
from acute myocardial infarction or unstable angina pectoris compared to patients with
stable angina pectoris or healthy controls [6, 7].

To date, a number of experimental atherosclerosis studies have been performed to
unravel the contribution of mast cells to atherogenesis and plaque destabilization [8-
13]. The mast cell deficient Kit"="""sh mouse strain has been crossed with LDL receptor
(LDLr) or ApoE deficient mice and these mice develop smaller and more stable lesions
compared to mast cell competent LDLr or ApoE deficient mice [9, 12]. Likewise, systemic
mast cell activation by dinitrophenyl (DNP) or compound 48/80 in murine experimental
atherosclerosis results in enhanced plaque growth accompanied by features of plaque
destabilization such as an increase in intraplaque hemorrhage, macrophage apoptosis
and serum tryptase activity, which could be prevented by the mast cell stabilizing drug
cromolyn [8, 10]. Specific inhibition of chymase by the use of a protease inhibitor in
murine experimental atherosclerosis improves the lesion stability as shown by an increase
in collagen content and a decrease in necrotic core area [11]. Although these studies
establish the contribution of mast cells to atherogenesis, these studies were performed in
Kit"-shW=h mice, which are constitutively mast cell deficient and this limits the possibility to
study the specific contribution of mast cells to more advanced stages of atherosclerosis.
Patients with unstable angina usually have advanced unstable lesions, which underlines
the importance to study immune cells such as mast cells in advanced atherosclerotic
plaques.

To that aim, we obtained a novel mouse model, the red-basophil-mast cell (RMB) mouse,
in which we can study mast cell biology in vivo. In these RMB mice we can efficiently
deplete FceRIB*-cells (i.e. mast cells and basophils) by injection with diphtheria toxin (DT).
Basophils are quite short depleted (<12 days), while a systemic depletion of mast cells
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is maintained for up to 6 months after the last DT injection [14]. In the current study we
induced atherosclerosis in RMB-LDLr”- mice by western type diet feeding. After lesion
induction, the mice received DT to deplete all FceRIB*-cells followed by an additional
period of diet feeding. At sacrifice, we analyzed lesion size and composition within the
aortic root and analyzed systemic parameters such as circulating cytokine levels and
blood leukocyte numbers, thereby establishing that mast cells actively contribute to
plaque destabilization during the progressive phase of atherosclerosis.

Materials & Methods

Mice

All animal work was performed conform the guidelines from the Directive 2010/63/EU of the European
Parliament. Experiments were approved by the Leiden University Animal Ethics committee. The red mast cell
and basophil mouse strain (RMB mice, official name: B6.Ms4a2'™'™3) was provided by the laboratory of dr. P.
Launay, INSERM U1149, Paris, France [14]. These mice express the simian diphtheria toxin receptor under control
of the promoter of the FceRIB gene. Injection of diphtheria toxin will therefore induce apoptosis of all FceRIB
expressing cells (mast cells and basophils). RMB mice were crossed with LDLr” mice (The Jackson Laboratory,
USA) to obtain atherosclerosis-prone RMB-LDLr”" mice. LDLr"- mice were included in the study as a control for
DT-mediated side effects [15, 16].

To study the effects of mast cell depletion on established atherosclerosis (Figure 1a), RMB-LDLr” mice (7-10
weeks old) were fed a Western type diet (0.25% cholesterol and 15% cacao butter, SDS, Sussex, UK) for 10 weeks
to induce atherosclerosis. At week 10, a subset of mice was sacrificed as baseline control, while the remaining
mice received either DT injections to deplete FceRIB* cells or PBS as a control. To systemically deplete all FceRIB*
cells, mice were injected i.p. for three times every other day with 25 ng/g bodyweight DT (Diphtheria Toxin
Unnicked, C. diphtheriae (Cat #322326), CalBiochem, US). Efficiency of DT treatment was determined by both
FACS analysis for circulating basophils (CD49b*/FceRI*/IgE*) three days after the last DT injection and by a mast
cell staining (chloro-acetate esterase (CAE), Sigma-Aldrich, US) of the aortic root at the end of the study. At
sacrifice, mice were anaesthetized and sacrificed via orbital exsanguination. Fixation through the left cardiac
chamber was performed with phosphate-buffered saline (PBS). Subsequently, the heart was excised and stored
in 3.7% neutral-buffered formalin (Formal-fixx; Shandon Scientific Ltd, UK) for 18 hours at 4°C for histological
analysis. Serum was collected to determine circulating cytokine levels. Splenocytes, EDTA-blood and heart

lymph nodes were isolated for flow cytometry analysis of common leukocyte populations.

Histology and morphometry

After fixation, hearts were embedded in Tissue-Tek® O.C.T.™ compound (Sakura BV, The Netherlands) after which
10 um cryosections were prepared using a Leica CM3050S cryostat and stained with Oil-Red-O (Sigma-Aldrich,
us).

Oil-Red-O-stained sections were used to determine lesion size (in um?) in the aortic root. Mean lesion area
(in pm?) was calculated from 6 consecutive sections, starting at the appearance of the tricuspid valves. A
CAE staining was performed to visualize mast cells, which were in a blinded manner counted manually by an

independent operator. Collagen content was determined in corresponding sections by staining with Masson’s
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Trichrome staining (Sigma-Aldrich, US). Macrophages were visualized with an immunohistochemical staining
using a primary rat anti-mouse macrophages/monocytes antibody (Clone moma-2, isotype lgG2b, 1:1000, Cat#
MCA519G, AbD Serotec, Germany), while a goat anti-rat alkaline phosphatase (1:500, Cat# A8438 Sigma Aldrich,
US) was used as a secondary antibody and nitro blue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate as
enzyme substrates.

The atherosclerotic lesion areas and histological stainings of the aortic root cryosections were quantified using
the Leica image analysis system, consisting of a Leica DMRE microscope coupled to a video camera and Leica
Qwin Imaging analysis system (Leica Ltd, UK). The percentage of collagen and macrophages in the lesions was
determined by dividing the collagen- or MOMA-2 positive area by the total lesion surface area. The necrotic core
size was defined as the a-cellular, debris-rich plaque area and represented as percentage of the total plaque area

and measured in collagen stained sections.

Serum analysis

Serum concentrations of total cholesterol was determined by enzymatic colorimetric assay according to protocol
of supplier (Roche Diagnostics, Switzerland). Precipath (Standardized serum Roche Diagnostics, US) was used as
internal standard. Cytokine levels in serum were determined using a commercially available ELISA kit (Becton

Dickinson, US). All procedures were according to manufacturer’s protocol.

Flow cytometry

At sacrifice, blood was obtained in EDTA tubes and erythrocytes were removed using a specific erythrocyte lysis
buffer (0.15 M NH,Cl, 10 mM NaHCO,, 0.1 mM EDTA, pH 7.3).

Blood leukocytes were stained extracellularly to determine a) monocytes (NK1.1/Ly6G/CD11b"), inflammatory
monocytes (NK1.1/Ly6G/CD11b"/Ly6C"/CCR2*) and neutrophils (NK1.1/Ly6G"/CD11b"), b) basophils (CD37/
CD4/CD19/CD8/CD49b*/IgE*/CD117), ¢) T cells (CD3*/CD4*) and d) B cells (CD19*/B220*). The antibodies used
(eBiosciences, US) are summarized in table 1. Flow cytometry analysis was performed on the FACSCantoll and

data were analyzed using FACSDiva software (Becton Dickinson, US).

Table 1: Antibody panels used for flow cytometry analysis

Staining | FITC PE PerCP APC e-Fluor-450
A. NK1.1 Ly6G Ly6C CCR2 CD11b

(Clone: PK136) | (Clone: 1A8) (Clone: HK1.4) (Clone: 475301) (Clone: M1/70)
B. IgE IgE CD3/4/19/8 CD49b n/a

(Clone: R35-72) | (Clone: R35-72) (dump channel) (Clone: HMa2)
C CD44 CCR7 CD8a CD62L CD4

(Clone: IM7) (Clone: 4B12) (Clone: 53-6.7) (Clone: MEL-14) (Clone: GK1.5)
D. IgM CD45RA cD19 IgD CD5

(Clone: 11/41) (Clone: RA3-6B2) | (Clone: eBio1D3) (Clone: 11-26¢) (Clone: 53-7.3)

Stimulation of splenocytes and heart lymph nodes
At sacrifice, single cell suspensions were prepared from the spleen and heart lymph nodes by using a 70 um cell

strainer (Falcon, US). Erythrocytes were removed using a specific erythrocyte lysis buffer (0.15 M NH,Cl, 10 mM
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NaHCO,, 0.1 mM EDTA, pH 7.3).

Regulatory T cell numbers were determined by staining with with eFluor-450 conjugated rat anti mouse CD4.
Next, cells were fixed and permeabilized according to supplier’s protocol (eBiosciences, US). Subsequently,
cells were stained with APC conjugated rat anti-mouse/human FoxP3 or corresponding isotype as a control
(eBioscience, US).

To determine inflammatory T cell phenotypes in spleen or lymph nodes, 400.000 cells/well were cultured in 96
well round-bottom plates (Greiner Bio-One, The Netherlands) and stimulated with anti-CD3 and anti-CD28 (2 ug/
mL each, eBioscience, US) in complete IMDM, supplemented with 10% hiFCS, 100 u/mL penicillin/streptomycin,
2 mM L-Glutamine (PAA, Austria) and 20 mM -mercaptoethanol (Sigma-Aldrich, US). After 1 hour, brefeldin A
(Sigma-Aldrich, US) was added up to a concentration of 10 pg/mL to inhibit protein transport to the outside
of the cell. After an additional 4 hours of culture, cells were washed twice with FACS Buffer (PBS, 1% BSA, 2mM
EDTA) and stained for T cell surface markers.

Cells were first stained with eFluor-450 conjugated rat anti mouse CD4. Next, cells were fixed and permeabilized
according to supplier’s protocol (eBiosciences, The Netherlands), followed by intracellular staining with FITC
conjugated rat anti-mouse IFNy, PE conjugated rat anti-mouse IL-17 and APC conjugated rat anti-mouse IL-10
or corresponding isotypes as a control (eBioscience, The Netherlands). Flow cytometry analysis was performed

as described above.

Statistical analysis
Values are expressed as mean + SEM. Data of three groups were analyzed using a one-way ANOVA. Statistical

analysis was performed using Graphpad Prism. Probability values of P<0.05 were considered significant.

Results

Body weight, total cholesterol and mast cell depletion

To study the contribution of mast cells to plaque progression, we induced atherosclerosis
in RMB-LDLr”- mice by feeding a western-type diet for 10 weeks, after which we depleted
FceRIB*-cells using DT (Fig. 1a). Three days after the last DT injection, we performed
FACS analysis on blood samples for basophils as a control for depletion efficiency of
DT. We detected basophils in both the PBS treated RMB-LDLr”, whereas basophils were
completely absent in the DT treated RMB-LDLr”" group (Fig. 1b). After depletion of FceRIB*-
cells, all mice received an additional diet feeding for 6 weeks. At sacrifice, we observed
a difference in body weight gain between the DT and PBS treated mice (Suppl. Fig. 1a),
caused by the DT treatment as the DT treated LDLr” controls showed a similar weight
curve as DT treated RMB-LDLr”" mice. Further analysis showed no differences in total
plasma cholesterol levels (Suppl. Fig. 1b) and total lesion size in the aortic root between DT
treated LDLr” controls or RMB-LDLr”- mice (Suppl. Fig. 1c). In addition, DT treatment did
not result in differences in total leukocyte count and percentage of different circulating
leukocytes (Suppl. Fig. 1d). Mast cells were detected in the aortic root of PBS treated RMB-
LDLr”, while significant depletion of mast cells was observed in DT treated mice (Fig. 1d).
We also observed a complete depletion of mast cells in the skin upon DT treatment of
RMB-LDLr” mice (data not shown).
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Figure 1. Study outline and basic characteristics in RMB-LDLr"- and LDLr" mice.

(A) Flow-chart of the in vivo experimental set-up. (B) Representative FACS plots of basophil gating in
PBS and DT treated mice and summary of all mice. (C) Serum total cholesterol levels from all groups
(n=15/group). (D) Perivascular mast cell count in the aortic root of PBS or DT injected RMB-LDLr"
and LDLr”" mice (n=15/group). Arrows in magnification point to perivascular mast cells.

**P<0.01 ****P<0.0001.

Histological analysis of the aortic root

Next, we performed histological analysis of the aortic root to determine atherosclerotic
lesion size and composition. Quantification of the lesion size in Oil-Red-O stained sections
showed that the mean lesion size increased in both PBS and DT treated RMB-LDLr"" mice,
with 82% and 118% respectively, compared to baseline values (Fig. 2a). We did not detect
any differences in mean lesion size between PBS and DT treated mice as depicted in
figure 2a. The collagen content was significantly elevated in FceRIB*-cell depleted mice
compared to both the baseline value (DT: 25.4 + 1.2 % versus Baseline: 13.5 + 1.0 %, p <
0.0001) and the value in PBS treated mice (DT: 25.4 + 1.2 % versus PBS: 15.6 + 1.2 %, p <
0.0001, Fig. 2b). Furthermore, we observed a significant reduction in macrophage positive
area (DT:22.2 £ 1.1 % versus PBS: 29.7 + 1.8 %, p < 0.001) and percentage of necrotic core
area (DT: 14.5 £ 4.6 % versus PBS: 28.2 + 9.7 %, p < 0.001) in FceRIB*-cell depleted RMB-
LDLr” mice compared to non FceRIB*-cell depleted RMB-LDLr" mice (Fig. 2c-d).
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Figure 2. Depletion of FceRIB* cells in RMB-LDLr"- mice does not influence plaque progres-
sion but increases lesion stability in the aortic root.

(A) Depletion of FceRIB* cells did not influenced the plaque size in DT injected RMB-LDLr”" mice
compared to PBS treated. Compared to non-depleted mice, depletion of FceRIB*-cells during lesion
progression coincided with an increase in collagen content as determined with Masson’s Trichrome
staining (B) as well as a reduction in macrophage content as determined by MOMA-2 staining (C)
and a reduction in necrotic core (D) as percentage total lesion size (n=15/group). Representative
cross-sections stained with Oil-Red-O and haematoxylin, Masson’s Trichrome staining and MOMA-2
are shown. **P<0.01, ****P<0.0001.
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Systemic cytokine profile in RMB-LDLr” mice

We analyzed the serum for proatherogenic cytokines such as IL-6, MCP-1, TNFa, IFNy, IL-
17 and the atheroprotective cytokine IL-10. As depicted in figure 3, no differences were
detected in TNFaq, IFNy and IL-17 levels. Interestingly, we observed a significant increase in
the chemokine MCP-1 level in the non-FceRIf*-cell depleted mice compared to baseline
values which was not observed in the FceRIB*-cell depleted group. Furthermore, a
significant increase in serum IL-10 was detected in FceRIp*-cell depleted mice compared
to baseline values (DT: 512.2 + 51.3 versus Baseline: 275.7 = 19.6 pg/mL, p=0.0005) and
non-depleted mice (DT: 512.2 + 51.3 versus PBS: 357.4 + 40.2 pg/mL, p=0.02) (Fig. 3).
In addition, we observed a marked reduction in circulating IL-6 in FceRIB*-cell depleted
mice compared to baseline values (DT: 124.5 + 13.8 versus Baseline: 234.3 + 12.8 pg/
mL, p=0.0005) and non-depleted mice (DT: 124.5 + 13.8 versus PBS 210.7 + 20.3 pg/mL,
p=0.005) (Fig. 3). DT injection in LDLr”" mice did not influence cytokine levels (Suppl. Fig
1e).
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Figure 3. Increased levels of atheroprotective IL-10 and decreased levels of atherogenic
MCP-1 and IL-6 after depletion of FceRIB* cells in RMB-LDLr" mice.

Serum levels of IL-6, MCP-1, TNFa, IFNy, IL-17 and IL-10 were quantified in serum of all groups (n=15/
group). *P<0.05, ***P<0.001.
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Flow cytometry analysis

At sacrifice, flow cytometry analysis of the blood for leukocyte populations showed a
complete repopulation of basophils in DT treated RMB-LDLr”" mice (Fig. 4). Although we
did not observe a difference in the percentage of total monocyte levels between groups,
the percentage of inflammatory monocytes were significantly reduced in DT treated
mice. No differences were observed between groups for other leukocyte subsets such as
neutrophils, T cells and B cells.
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Figure 4. Flow cytometry analysis of circulating blood leukocytes showed a reduction in in-
flammatory monocytes in FceRIB* cell depleted mice.

No differences were detected in circulating blood basophils, monocytes, neutrophils, CD4* T cells
and B cells. The percentage of inflammatory monocytes in FceRIB*-cell depleted mice was reduced
compared to non-depleted mice. *P<0.05.



Mast cell depletion increases plague stability | 155

In both the spleen and the lymph nodes draining from the heart we performed flow
cytometry analysis to determine the percentages of T cell subsets. As depicted in figure
5a, we did not observe any difference in total CD4* T cells or proatherogenic phenotypes
such as IL-17* (T, 17) and IFNy* CD4* (T,,1) T cells in the both spleen and heart lymph nodes.
Atheroprotective regulatory T cells were measured in spleen and heart lymph node.
Analysis showed a significant increase in CD4*/FoxP3* regulatory T cell levels in both the
spleen (DT 10.0 + 0.4 % versus PBS 7.6 + 0.3 %, p=0.0002) and heart lymph nodes (DT: 9.9
+ 0.7 % versus PBS: 7.8 + 0.5 %, p=0.02) of FceRIB*-cell depleted mice compared to non-
depleted mice (Fig. 5b). In addition, we did not observe any differences in T cell subsets in
DT treated LDLr”" mice (Suppl. Fig. 1f, g). Figure 5¢ shows representative FACS plots of the
FoxP3 staining within the CD4* population of the heart lymph nodes.
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Figure 5.T cell phenotype in spleen and heart lymph nodes showed an increase in regulatory
T cells in FceRIB* cells depleted mice.

(A) Analysis of both stimulated splenocytes and heart lymph node cells showed no differences in
atherogenic T cell phenotypes. (B) A slight but significant increase in regulatory T cell was detected
in splenocytes and heart lymph node cells of depleted mice compared to non-depleted mice. (C)
Representative FACS plots are shown for all groups. *P<0.05.
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Discussion

The major underlying cause of an acute cardiovascular syndrome (ACS) is the rupture of
an unstable atherosclerotic lesion, which leads to ischemia in the distal tissue resulting
in clinical symptoms such as a myocardial infarction or a stroke. Plaque destabilization is
an important phase that precedes plaque rupture and mast cells can actively contribute
to that process by the release of proteases such as tryptase, chymase and matrix
metalloproteinases (MMPs), which induce apoptosis of collagen producing smooth
muscle cells and degrade the extracellular matrix of the lesion. Indeed, in a number of
studies elevated levels of the mast cell specific proteases tryptase and chymase have
been reported in the serum of ACS patients compared to non-ACS patients and have been
shown to correlate with plaque vulnerability and clinical outcome [17-19]. Additionally,
in a recent study by Willems et al. the number of intraplaque mast cells was determined
in lesions obtained from patients undergoing carotid endarterectomy. The number of
lesional mast cells and serum tryptase levels was significantly higher in patients that had
a secondary cardiovascular event compared to patients that remained asymptomatic
during follow-up of the study [20]. These data indicate that mast cell numbers in the lesion
are associated with future cardiovascular events and one suggest that mast cells indeed
contribute to lesion destabilization that can lead to plaque rupture. To further study the
effects of mast cells in the progressive phase of atherosclerosis, we made use of a mast cell
inducible knockout mouse model on an atherosclerotic prone background (RMB-LDLr"
mouse). This model enables us to study the contributions of mast cells beyond their role
in the initial phases of atherosclerosis.

Our current study shows that absence of mast cells during lesion progression did not
affect lesion size, but did result in an increased plaque stability and a reduction in the
systemic inflammatory response. Our data are in line with a recent study from Wang et
al., where pharmacological stabilization of mast cells in established atherosclerosis in
LDLr” mice by the use of the drug cromolyn results in a reduced inflammatory plaque
phenotype [13]. Similar to our data, mast cell stabilization reduces plaque macrophage
content, but unlike their study we did not observe a reduction in plaque size and plasma
cholesterol levels in mast cell depleted compared to non-depleted mice. One explanation
could be the specificity of cromolyn in mice, which is subject of debate [21]. Cromolyn has
been reported to interact with ubiquitous proteins such as G-protein-coupled receptor
35 (GPR35), which are highly expressed in different (non)-immune cells and tissues as in
the colon, spleen, monocytes, T cells, neutrophils and dendritic cells [22, 23]. Therefore,
one could speculate that cromolyn is able to influence more cellular processes besides
the stabilizing effect on mast cells, which could have been contributed to the observed
effects on lesion size in cromolyn treated mice [24]. Nonetheless, it can be concluded
that mast cell depletion or stabilization increases lesion stability, which can be caused
by a reduced release of mediators that induce plaque destabilization. For example, in
the atherosclerotic lesion the majority of mast cells expresses the extracellular matrix
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degrading enzyme chymase [25]. Activation of mast cells leads to the release of mediators
such as chymase, which results in the breakdown of collagen, degradation of HDL and in
apoptosis of smooth muscle cells [26].

Mast cells secrete chemokines and cytokines that can attract other immune cells into
the lesion and MCP-1 is an important chemokine in the recruitment of inflammatory
monocytes into the atherosclerotic lesion [27, 28]. Compared to baseline values, PBS
treated RMB-LDLr” mice but not mast cell depleted RMB-LDLr" mice showed a significant
increase in serum MCP-1 concentrations after six weeks of additional diet. Furthermore,
we detected a significant reduction in circulating inflammatory monocytes in mast cell
depleted RMB-LDLr"" mice. Together with the reduction of the chemokine MCP-1 levels
this could this explain, to a certain extent, the reduction in macrophage positive area
observed in mast cell depleted mice.

Pathogenic (T,1 and T,17) and protective regulatory T cells (Tregs) are tightly balanced
during immune responses. This balance is controlled by cytokines, e.g. IL-12, IL-4 and IL-
6, and cell-cell interactions via co-stimulatory molecules like CD80/86, ICOSL, CD40 and
OX40L, which are expressed by antigen-presenting cells such as dendritic cells. Mast
cells are efficient effector immune cells that upon activation by various ligands actively
secrete potent mediators, such as IL-8, TNFa. and IL-6, and on top of that also express co-
stimulatory molecules such as CD80/86 and OX40L that are able to directly interact with
T cells thereby enhancing the proliferation and function of T cells [29-33]. In our current
study we were unable to detect any differences in atherogenic T cell phenotypes such as
Th1 and T,17 T cells between the groups. This could be due to the fact that in established
lesions the adaptive immune response has already fully developed and therefore mast cell
depletion is unable to significantly alter this established atherogenic T cell phenotypes. In
contrast, mast cell depletion coincided with an increase in Tregs in both the spleen and
the draining heart lymph nodes and elevated serum levels of IL-10. Tregs are essential in

the dampening of immune responses in inflammatory conditions during atherosclerosis
by the secretion of anti-inflammatory TGF3 and IL-10 [34]. Mast cells have been shown to
directly inhibit Tregs functions via the co-stimulatory molecule OX40-OX40L, the release
of histamine and secretion of IL-6 [33, 35, 36].

The acute phase cytokine IL-6 is a key cytokine in the skewing of naive T cells towards
Tw17 cells and inhibition of Treg development [37-39]. Under inflammatory conditions,
IL-6 producing mast cells co-localize with Tregs and T,,17 cells in the draining lymph node
of immunized mice in an experimental model of multiple sclerosis and appear to play an
important role in the promotion of T, 17 cell differentiation and inhibiting Treg suppression
[35]. Especially the interaction of the co-stimulatory molecules OX40L and OX40 between
mast cells and Tregs, respectively, has been shown to block the function of Tregs and
promote T,17 cell differentiation [35]. T, 17 cells have been implicated in the pathogenesis
of murine and human atherosclerosis [40]. In our current study, we observed a reduction
of IL-6 and an increase in IL-10 in the serum of mast cell depleted mice compared to
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non-depleted mice. Most likely, this reduction in IL-6 positively influenced the T cell
homeostasis in favor of IL-10 producing Tregs.

In conclusion, here we show that a systemic mast cell depletion in RMB-LDLr”" mice with
established atherosclerotic lesions locally affects plaque phenotype but also systemically
alters cytokine profile and T cell phenotype. Together with observation that intraplaque
mast cell numbers correlate with clinical outcome, these data indicate that mast cell

stabilization in cardiovascular patients with unstable atherosclerotic lesions could be
beneficial in preventing lesion destabilization.
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DT treatment of LDLr"- mice as control for DT off-target effects

(A) Body weight of RMB-LDLr”" and LDLr”" mice injected with either PBS or DT (n

Supplemental figure 1

15/group). Total

plasma cholesterol levels (B), total lesion size (C), total WBC and leukocyte subsets (D), cytokine lev-
els (E), T cell subsets in hLN (F) and T cell subsets in spleen (G) of PBS and DT treated RMB-LDLr"and

DT treated LDLr”" mice (n

15/group). *P<0.05, **P<0.01, ***P<0.001.






